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#2 0 0 0 — 1 8 8 2 1 4 

C»#*i] #*SJMS«JiK: U (bp) *«iIft^bT«»6 

♦ifeSifliU >ft*U *A (GaN^Pj: 0<X<1) f£AI««69l%« 

4Kt £ Aft b T * 6 z. t. £ #8t tts 1 I i*Ml'ffc4l> i N»*M83fcSfr?-. 

s^9fi#± i ^Tf** i fc & tsi*a i KB*® inaasfl; 

L < 5 izmma 1 1 i*fift***#»3fc*3F-. 

w#«8] u>MiMSS^u>«i (bp) fr*>m&tt<ti> » 
MsaMtst* ©s-ffc y >-ft#y ^.mmsbjkd y > (p) »»*fc# 1 %&l± 5 %^ 

[0 0 0 1 ] 

WM! ©JIT 
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w 

4#2 000—188214 
« • 

*&mi*. s/v^> (si) ^<Dmmmw±izv yitwm (bp) »gii& 

^L-THStt'btlfcSI'fby yfkifV Vl*. (GaN 1 _ x P x : 0<X<1) 
[0 0 0 2] 

*fe«*^tt**M?©»3fe&M?-<5 iiiasaftW^aWMS**-?-!*, 

77>f7 (a-Al 2 Og) #j£A&K-h(C* «a&JR£d-ff£tffiJ&« (MOCV 

d) aj^©**#s&f!ffflUTit*a*ifcS'ft3jfy ^ a (GaN) *s 

as* tts aura jtttfr s *it ^ * . Mtt&a c f±^^ ® me & a e> 

A (G a y I nj_ Y N : 0<Y^ 1) *e>^S^*It, • jtfU 

• -f >i?i?A (A 1 G a I nN) XftAJVfr P7&ftV>H:nj£?9 <? K 

Mt^e>«fig^4xSp nSS^a^n (hetero) «&£?£©#— jRfifn*fe&. 
[0 0 0 3] 

@5(£A 1 G a I nN^MM^6)^-5t¥3fe©P n Steffi if ^/l/'V.-f-n ( dou 
ble hetero: DH) &-&©ft3feftMHt4 2 fcJIfil LfefSft^ (LED) 10 0 

*&»*3t4 2 • 3JfU (Al z Ga M N: 

O^zsi) £AMfre>&&TfliS?9? FJf 1 0 3 nj&SHh4>*?VJ* • # 
U (G a y I nj.yN) *^*5^*H 0 4 2:, pfiftr;b^-f A • # 
y ?A (Al z Ga H N : OSZ^l) P> ft £ _hg& * =y v FH 0 5 £jt»e>fl| 
ifcStlTHS (#Hf6-2 6 0 6 8 2fM#I). * fc> *3fc»«3S4 2 & 

•*t«i o3~io 5©#^tgMtt, zft &©««»© jfcRaitiyfcflSfiT? 

^ASn&SM. v**>«>S, fiUM 1 0 2 ;fctf-#S1tTiM*S;rn&©*«» 

M-e$>S (#Ri¥4 -2 9 7 0 2 3*dfe4RM) o t^T'fTffliil 0 1 ±IZ 

tttf&nfc iiUJiafl:*4 E **MeA»©«Ui«3l#tc»'3T, lilil 1 o 2 

ttiftTA'^-fA-^yfA (Al z Ga H N : O^Z^l) fr?>#j££4x.£ 
©#«— jRWCft* 1 5 1 9 6 2-5§-<2t?g#m) . 

[0 0 0 4] 
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#2 000—188214 
* • 

i&M&WMi 0 2te, t7r-f7©iH 0 1 £ A l Z G a 1 _ Z NMS©TSP 

^77Kil0 3fcffli?©SX7»;f ( mis - match) £{g^l,T, «k&^© 
^gStlT^S,, #tC, Ifil«I1025:gWJ">A (G a N) fr^mfoh 

kiio3 mi o 4 fcsfc#u$rz» • 4 yp^^u^m^^mm 

fctt*U£fc6>fcV*., y ^t&ffil 0 6ltm&&<?)±m9^<y KM 10 5 

[0 0 0 5] 

Lfrb&tf€>. 1)13. 8%©*S»C3tS»77'f7tSI:ffiaiMIJIfe4t 

(1 9 8 9^1^25 H»ff) . 74-8 2I#I) % j*i6l<f£ <Z> & -5 <B?&ig«Ji 
N(Z>&Rft£A<Z>&ftfcjS&£ LT»£*S*ffitt-fcji©G a Nf?:ISLtG a 

tcb— if^r-f k (ld) x-itmntcm^mm^M^m-^^-t^ mmrn 

i fc4MM5£« * S> * -5 38 & £}6 l> T«^T- * & ^ r a t>mm t tt o t ^ 

•5. 

[0 0 0 6] 
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#2000—188214 

eb&o 

[0 0 0 7] 
[RjB & MR? -5 A <D^mi 

BP) Zk&ffim&ftlsTmttbtlTMtV >fcjtPJ ?A (GaN^Pjj: 0< 

[0 0 0 8] 
[0 0 0 9] 

#f&gj© iiij^ft4MM»<W&3fe*?-B:, i&IBB P&flKffJItfMSti: 
3S*fc©IMIBa#l4#MHt©B pjMMWffcU *©J:©»3fe»«i&£«5Jcllf 
fgj£## & v *fU * ffi tb Z> . 

[0 0 10] 

»3fe*3-©l£f»tt#£l< fc<5©T, W¥**Bt©»3fe»«£T*fci«*«©*63fc 
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#2 0 0 0-1 88 2* 14 

* • 

[0011] 
[0 0 12] 

xmrnoummtm^mfomytm^i*. imbb pashm jitfrG&fby >ft 

[0 0 13] 

* m & /h a < -r -a is *r n s * k& © & v> a a * x tr ^ * s/ * * * < 

[0 0 14] 

fliit (bp) -e#j*u »**ii3i*cE>aift;y>fl:ify^i»JMif*»(oy> (p 
) jBAi£&, i%«±5%j^rii-r'6©*Wib^o 

[0 0 15] 

[«Wco*J6©^ffi] 
#|gf8© 1 1 Ittafttt4Hg{MB3feX?®&3fe&tt&tt. & ft & * 
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#2000—188214 ■ 

T^fflffiitt*iKi^ ± 'J % J/ U 3 > (Si) RXfV yitif U (GaP) 
*©it#fiJ|t|tfi, ^ffc^ (SiC) ^D^A^f hS?G)i&fl:^i£i^fcif 

mmm (Dnm^^&pmensv^y n as* £ l -t m fc *ij t- ^ 5 „ ti 

0 0} - isV ny&ft&zm&tTniXmMZmmLTffiMKmwm^lZfimT* 
[0 0 1 6] 

&&gim%imw-tizmv£>Mffimi$vy4twm (bp) 
b p*wi:n 'pt*<t.*>. mm (b) £y> (p) tzm&Ljimt lt&h 
LT^stcofc^eio b PM^cit y>ftw* (bp) iztoz.* ^itvyit 

mm (BP ( N H : 0<M<1) :i 4x 6 © B P 3M*$ffr & & & 

mmm&. mocvd^as, mxii s^-ft?®* (bci 3 ) %m (b) m 

t-tZ>JSUfy( halogen ) , *feWjtfc£, *X~7>f > (PHg ) % U > (P) 
■ fctSA-f K9-f K ( hydride )ftfliritS«6JCj: »J*J«T»*&. 
[0 0 17] 

*»WTftt, B P^»e>&5gIIS^LTift^'J >)A (G a N) £ U 
yititWI* (GaP) 0>dK£T?%£Sfi;y yfclfV *Jh> (GaN 1-x P x : 0 
<X<1) 4i|||ff|St£, mitVyftjtSV (GaNj.jPj: 0< 

x<d {iu>ffi^jt (x) &mrr*££icj:*;, «iwf s*-ry>ft«** 
^tic^s. hi-. wi6ia«asfta©u>'ft^fy9A (Gap) 

5. 4 5 0>f>yxhn-A (A) (]fc& Sc»*, T^A-fXj ¥ 

j£9*£5£i 5 0, (|fc) nn:f-*t|£«, *0JK«8BU 2 8l#i) . St 
#S©fift3tfy fi* (G a N) 0>fe?-&ftfci4. 5 10Al*%& (ft* JIM 
, r 1 1 I*HfMMM*#J 1 9 9 9^12|8H, (I*) ftJAu 1 

6 91, 369. 1M) . ffcoT, ( Vegard ) fQ t&ISflfi** 

tJJKl^ifff. 2 7~3 n#i) tcfcyttffiStisftK. y >jSaj&ifc£>&3 % ( 

X=0. 0 3) fcLfcGaN 0>97 P 0 03 ffl«?gRa:4. 5 3 8At&»j, 
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#2 0 0 0-1 8 8 2*1 4 * 

■• » 

m*Mf8.?z>vyitwm 4. 538A) b 

p mmM±icmm s *vfe g a n 0 _ 97 p 0> 03 jg a, t s-s-ft *x 

M*i£, ^*M^JtS:2% (M= 0. 0 2) il-f XfciljK (B 

P 0.98 N 0.02* 4 - 5 2 OA) *^^-5M«M-h{Ctt, &K©gffc U 

< GaN 0.99 P 0.0r 4 - 5 1 9A) JMSAJftflWe 

[0 0 18] 

gffc'J >ffc^fy BP|sIfl0i^tB(J< > MOCVDg 

*£AftfC«;nkGaN 1 _ x P x Jifi, »3fc3^© ALLS* ( sing 

le hetero ) g^#3ti£ ~ MUM ( double hetero ) &&flEt©a3%ff 

;i/ ^ n 3te#E&© ftfttt £ * 5 y KJf £ L T C sfil J§ *• * r # T S * 

o 

[0 0 19] 

GaNj^Pj (0<X<1) Jffc*9y KMfcLT»3fe*&*J*"*N5K:|RL 
Tit, U >»^fc»3fe«*tcffij&**»f^*/i,3f-,fc »J%**ifcJliL«(B«: 
^it.<6ilEAjtiCR£-rS£4E]yft«. 09*. tf, »*4 5 0 nm©lM&»3fe(C«JS 
•t-S^#x^;i/^-fJ^;2. 7 5eVT'$5„ I fe, 5 2 0 n m©»fi%f 
lCffijS-r-5a^^*;t/^-l4*&2. 3 8eVT*&<5„ &oT, £ % 

■t%3t®C0VNTtt$?j2. 8 e VRhOSIlhfflB 'J >ffi^it (X) fc, 
*fe, *fi»Jfefc%>fc&*-»3ft»fc»oTtt»2. 4 e VfiLh©3l.lh»«fc#a. 
« U >!BJftJfc (X) SftSGaN^j P x (0<X<1) *>*>?9yKJi& 
*J*-t&£»5l*SS>S. GaN 1 _ x P x ffi^i^^ft^&LT ( Appl. Phys. L 
ett. , Vol. 60, No. 20 1992, 2540~2542R#M) , ?7-y Kf t LtltS 
©&, MA.(i#€ !l J f>^l83 1 fc& : fofee.-t^®lC^^TttU>iHBgit (X) 
5% (X=0. 0 5) 6iTtt6GaN M P x T*&». S§&5& 
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/ r i 

#20, 0 0— 188 2" 14 > 



it (X) &3%KTi:t4GaN 1 _ x P x tfeS. 
[0 0 2 0] 

B P2fc%&WsMl3.TXy U — y ( as - grown ) ^MX^^M ( amorphous ) 

Lxmf&znx^z&ifimmxtbz. Lxm&tsnx^ 

Z>MWmi*> liiliillfflGaN^jjPjj (0<X<1) %§M i mm£.<Dm<D 

A (%) = { (A- A s) /As} X100 (1) 

mm* (i) x-m^r a s it^mmm (t*jd <z> feasts: are ark 

m*-&> Sfii:t5^'Jn>#gi (As : 5. 4 3 1 A) 
fclT^StfeMII©BP (A: 4. 5 3 8 A) M£<D, S"J 

mmtvfr&j-^^-yj-g. (a) «- 1 6. 4 %<D±gizm-rz>. mm. 

£G a P^-UB (A s : 5. 4 5 0 A) h G a PiStBPlflt 

©^^^V-^ll (A) B = -16. 7%£fc.£>„ L^Lfc5^£>, #SK©B 

feitaM*^e>tis„ b^=fo, ^««©SJP#it;ii«i$tc?ltv^ M/U£o. 2 # m 

Rf'Sotfe, b p&ttmtf*<DM&mmzmmM<&m-rz><Dizmtit~Mmx' 

[0 0 2 1] 
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#2 0, 0 0 — 1 88 2* 14 > 

■i I 

©fltMK & JB A » iSi&^Ttcig £ *i S £ , MA tf SigM -tic «fc »j fifi 

©» & s is ©sh^b j&m tc & s gE#ast;gffis », 

3l«©#llFft#»<Z>« : f-H!W&SWIII*or3#ISft'lfc"r* (#g§¥ 10-222 

A©**iic£ttti©£&s. !^Jitffifc£vittM©AtfiB«fCi&v\T%»;i:©Jii 

V^<o 

[0 0 2 2] 

«»ft*«^*#»©**©«fa©*^)£»fc^^6lSi&*K:3E'ft:LTV><5©3y 

©M^tcfis#-rso *iui«i«*©jBj*3V»i~2 iim5fci(i©«nm-eji, -mu 
mmTizmmmmtfmmzi\f~m^ s&M©rtffam&©i£tit©iB*&£ 

tcJBjSTi-StttM&J&v^. ISS©fc£*, 3IS±fc]iajPftat"*-*©fcnMll©*S* 
«:JB<©«re*->T, ^^.vy^©^SfC J: U *j M£ffi«©|g£&ffift 
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#20j0 0- 1 8 8 2'14 - 

5 0 nmiMtS. 
[0 0 2 3] 

#38i93-ei±, _haa©fifi-eia*a**:BP*#ftft*±K:XK:, b pms* 

G a P*P©&K&A£©H©fe?3 xv-y^fcjgfnLT. IS»tt©«*ifcxtr4r 
^»©*fll3^/ha <*SJ^lc«nfeB P#tSftJi«:«jf t-6Kat-ST*»l: U 

ts*tt©jsi«Fs &«wiiiv^isatttc«jrifeaft u >fls#u ^ajmsaji saw 
s*s^i:jitT*6. vyfcmm (bp) ^^^s^^ggiii:. ^ 

, #MMCM©»&i:HC< h'^fM9l ( (C 2 H 5 ) 3 B ) /7^^70 
(PH 3 ) (H 2 ) fejKft:tf;*£i-«MOCVD&«£J:UjaiK7*££. # 

ftft*Xtt*ISftM©y >ftW*&*K"r*BifK:, n»*v^j*p»^t**fe K— 

*«©»# e>^®s wmm znm-tz&m (Drnmrnz-M-zs 

-£>©#M* b^. 

[0 0 2 4] 

*»w-ei±, ±ib©*u<©b p*##*&jfc&<Mf«fc^LTSUfofciMfc!; 
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#20. 0 0-188 2* 14 * 



>tt.iJVV2* (GaN^: 0<X<1) %.ffi&M 5 y KJ§£ LT 
jgv%T*-MSI ( single - heteros : S H) g^MOlSftgMf & Zl 

0 97 P 0 03 #^M^5>i&S^9>y KMt, nJUfWJ^A'-f^J/'iJA (G 

a Y in M N) &ytmtfre>&. vnm&mi;y{fji'\'TuM3ko)$byb®m&tf 
#j«s*i<&. mmmzte-tvyitmm (bp) ttW3g^M<z)^^M^T*«.s 

-€-©±tC«^*^(Z)GaN 1 _ x P x S:^S(C^M-rSZ:il^T?^S„ f^W 
^BfitM© U >-ffc8BJg (BP) an^S ( hexagonal ) ^©G a NIC 

itMttiUZ. Ay K*Jt±, ^Btcp^Mil«##*>*i3 («W¥2 - 2 7 5 6 

8 2 f 1) . tot, BP^#MT'^»MS:«^-rtl(^ ^©±(C^^{C 
P^OG aN 1 „ x P x «g||S#j£J8lT*£, p nfMODi/V^KrOf^ 

y KJf i: ^-tl (Dmmm(D GaN^jP x ^5t® ;fr> h § >> > if/V^ 

[0 0 2 5] 

N 1-X P X : °< X <D *i^^M?:TS|5^9>y KlfcltB^t^Afn 
(DH) g-^«IJia)^a5«|jgS:S^-rs^i:%^^S„ GaN^jPj (0< 

x<d mtg&mz&tif-JK^nm&momybummz. nm&wtpi&o 

G a N 1 _ X P X M5:T8P^ ^ y KMfc. L, iftA' 'J >?A • >f >^^AI (Ga y I 
©^-ftT;i/$— • # U (A 1 Z G a 1-Z N : O^Zg 1) 1^3^5-7 
fe^GaN^jjPjItMft^S^&SfetGayl n l-Y N (°^ Y ^D 
■5= #ff*.& GaN 0.95 P 0.05 (a = 4 - 5 5 7A > ®T»*9y KJffc. 

JSfc&^^&Sfet-tfU ?AiSBf£i£ (=Q) £0. 1% (Q=o. io) 

S 5i#Hr© G a 0 1Q I n 0 go N ?§#JS £ frf&^SPfitSgtffcl^T* g 3 

„ G a N 0 _ 99 P 0>01 JSi:G a 096 I n Q 04 Njf£:fr ■o^-^-r nig-^-S:* 
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#20 ,0 0-188 2' 14 - 



ft o T, iK9ftft ©98ft ft -T * 1 1 ^flcft**^ 4: ft * o 

[0 0 2 6] 

SHi^CDg^^lt^SGaNj^Pj; (0<X<1) JftBAJfi*. M 
«*ft«rt-r*BP*#»t©«^$^vy*K (A) tiWStVg&Jt&flgM 

(flP"6, A=0) T*&5„ «?§X7-!rf* (A) Zffi± 1 %Jg;T, JSC &£ 
b<«±0. 4%JHTtCf*i:» ^tClSftttOftftfeGaN^jPj (0<X< 

l) #«*JB^»&ti6. KifJVj:GaN 1 _ x P x 4t|SAM2:©«^-^X7v^- 

&Wff©4^£ft&4£«lCL?:*A&*l«. £©•£. iff A'JGaN 

j^xPjJWeftJiroft-fJilt^jfeg^t^Kitt, fc^^Ts^ltttiEitfcfc* 

[0 0 2 7] 

£#£©2ftaiR (BN) ©K^R^S. 6 1 5At?^Srt^& 
HMk ^tVWXJ , 2 8l#i) , BPjN^j *#*©**?£« (aj) fj 
#C© (2) 5£-eit3;}X-5„ 

a x (A) =3. 6 1 5 + 0. 9 2 3 - X (2) 

— *, ^^©S-fcy^-fttf'J^A (GaNj.jPj: 0<X<1) ©t&^€ 

St (a 2 ) tt*;*f-KftJfeiSfcbT, *© (3) ssiyjmistis. 

a 2 (A) =4. 5 1 0 + 0. 9 4 0 • X (3) 

m%-\*. Vymmit (X) fcO. 9 9it6BP t<98 N yi ffljJf4»(a 1 
) ti (2) 5£«fc*J4. 5 3 0 A£ft«. «^£R4. 5 3 0 AlCft b± 0. 4% 
JGJlfc©*^*'*-**-!* (A) £#;!&©«, (1) *i9«*3e» (a 2 ) & 
4. 5 12A£t±t4. 54 8AKTtt«GaN 1 _ x P x "E»S. (3)^ 
6>, 3©&B©f&^-gg[ (a 2 ) &-£*.«©!*. U>M«Jt (X) &0. 2%& 
±T*4. 0%6tTfc1-<6GaN l „ l P l T?»S. BP'S, B P 0 .8B N 0.01** iJ: 
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#20,0 0—188 2 14 - 



lC.Vymm.it (X) &0. 2%g±T'4%«Ttt5GaN 1 _ x P x fMl 
[0 0 2 8] 

©$M£^J&^§Z:£#T*£S?fJ^ft#&S 0 (3) mz&tUX. GaN 2 _ x 

P x ©«kf-Jfett (a 2 ) tt (x) #3% (x=o. 0 3) cd^fJc, _hia 

©#D<M#©y >-ffcfl|* (BP) fcH— ©ft^f-ftR (a =4. 5 3 8A) 

So U >Mf£t£ (X) ft 1 % (X= 0. 0 1 ) J&LtT? 5% (X= 0. 0 5) 
H-?2>mitVy<ftjSVVJ* (GaN H Pj: 0. OUXgo. 0 5) ©&^5fe 
R»4. 519A (X=0. 0 1©^) g±t4. 5 5 7A(X=0. 0 5®$ 

) &>T<z>mmiHt&2>o vymfcit (x) fercD«HK:a«-r*xtt, mmmzm 

*V^Kj8Hi-*«ffi«©|gfi*ft*flW*S <*SfittlCflHxfcG aN H Pj 
[0 0 2 9] 

*»w©y >ftw**m* i«t*fes*^^iiiiii± 

(CRttSfi^U y-ttifV *>h> (GaN M P,: 0<X<1) £(D%^-<D 5. XV 
[0 0 3 0] 

^© ^ ^ v y ^ & £ jgft t & & ic # iz mm iz jtm t & . 

[0 0 3 1 ] 
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$#20 .0 0— 1 88 2* 14 - 

[0 0 3 2] 
[0 0 3 3] 

5> S 2/ > VJ^^r U * i± #7;V\"f n &^fRt<z>ftftffi %> e> f © 

[0 0 3 4] 

WC, BPlfItffltf$xv»;fSS: + o. 4 %»Ti:tS^ i:tc «fc y , 

[0 0 3 5] 

(HiSM l ) 

Si fcMfrffcU >ft#y f^lISIife^>^Afn (SH) #ig©|§^ 

amatft^-rfififls^fu *a (GaN) m e D(Z)?ffitsHT'«>i.„ 

, H2ttHlK:3V*~aME:*fy (G a N) *»feL E D<DHJS«it fcto 
fflHt^ot, 01 ©ISA- A' KL»ofe(Wffi«*H'e»S. 
[0 0 3 6] 

Jfflttifttt, WM (B) jWftftr3ft&ffi;&ffi (10 0) fflp»S"j3>*&fi:4 
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#2 0. 0 0— 188214 • 

m 

, #ig^a«l©*®{C, &<Z) (1) fc^L (3) ^(C|B^-#^,^SSfCJ:oT 

(1) h V^jntf^y ( (C 2 H 5 ) 3 B) /it^v^y (ph 3 ) / 

<h 2 ) <Dm>&jfx*mi&i$*£i>T. zn k--^<z)p^'j yitmm (bp) *y 

&fc5{£?gig»Ji 2 fc. ^MliSffi (B&*Mffi) MOCVD&lciU 

„ 5 0TCT% PH 3 / (C 2 H 5 ) 3 B©#£^£fc^ (V/ Illifcap) Sri^3 0 

ifU-y ( as - grown ) Mfftt$?>4 5 nmt$>^t^ a 

(2) ft}C, _hSB<Z>P?gB P<gM^««2©_h{C, h'J^fMVfA ( ( 
CH 3 ) 3 Ga) /Ty^ — T (NH 3 ) /to70 ( pH 3) /#* (Hg) © 
M-»^fX ?r®W^fX t IT, ( (CH 3 ) 2 Zn ) SZnF-tf>y 
■ ttSMOCVDiSCit), <J>IBjfttt&3% (x=0. 0 3) ttS^I^ 
4EISA3iC!>Zn K-^p^GaN 0<g7 P 0<03 J4t|@aj|»&Ai4&Tflt^99 KM 3 

. f£KS,Kl±&)9 5 01C, mm*%32. OffmfcU ^ftVTlS 
S»2X 1 0 18 cm" 3 tl)S:. 

(3) S^tC. ±m<DT&9 9y KJf3GD_kfC, h'J^fM'Jf^ ( (C 
H 3 ) 3 Ga) /5/^n/<>^i?x^;i/>f ys??& (I) ( (C 5 H 5 i n (I) ) 

(NH 3 ) /** (H 2 ) %.M1&iS7sb. l/T, -Y>S??A (In) « 
J*Jfc&*&8% (x = 0. 0 3) Safgft^U <?A • -f (G a 

0 97 In 0 Q3 N) I*f)45«)fcl4 5:tEMOCVDSi:j;»J«Lfe„ 

pniMfflSHg^fflMill 2ii, _hlB©p^G aN 0 g7 P 0 03 m^ 
[0 0 3 7] 

Wfi&T-W:, _fciB0> (2) SO? ( 3 ) icflBt-xt?#:*S/^;i,^gM<z>^ffif£S5: 



a}SE# 2001-3009166 



#20. 00 - 1 88 2' 14 • 



§gbTa = 4. 5 3 8At&§, G aN 0.97 P 0.03*^ )!,x& * 5T ® 



BPlgBfeaBSfcLfeflH^xvy^-K (A) lio (*) (HJfc. 

5 2 4 Ai:#ffi$tlS. 



(n) t£oT. GaN 0iW P 0 0S 



BB 



( a = 4 . 



5 3 8 A) >b> e> -5 TgP 9 
5 2 4 A) ^3"6M4 fcTtt, 
XVyfg (A) 3 



>yKI3i:4SS0Ga OJ7 In Oi()3 N (a = 4. 
G aN 0 97 P 0 _ 03 ©|&«iSc$:S¥fcLT, HHP* 

[0 0 3 8] 

— ttfC*7rWTiS«±lC»ffc;tfy A (G a N) fcfl-LTRtf 

~2X1 0 9 cm" 2 ISt*S>S ( Mater. Res. Soc. Synp. Proc. , Volume 395 
Mater. Res. Soc. 1996 P.889~895 = 

3ift9!«-?-.BIMI (TEM) £flJJBLfc-«ttfc«iIrTEMiS»RlC|S 
*itf. *jU!i«i:fif©Tli*7ii KM 3 ^&tpiGaN 0ig7 P 0i03 #MIf 

©^feSBStt. B PfflMf 12 t^S^SftoTV^Of. »10 5 cm" 2 



i o 6 cm 2 £&oT^50>#fg«>e>;r\.fco sfU7yfi#e«t*iH:. 



ffiSE^f 2001-3009166 



#2 0. 0 0— 1 88 2' 14 • 

[0 0 3 9] 

«5il 2 0*^M©^S4±fCtt, ^ (Au) ^e.6Sti»13 0/tm©H 

1 0] 73ft<Z>HI!®fc|?l§ffi£?iJfflLT. nf, pit-$^Si6, 7 #Jgf£ 
[0 0 4 0] 

(A) $8^?&R=4 10 nm 

(B) mtmm=0. 4 cd 0K#|£J«J5&= 2 OmA) 

(C) jR^I^«ffi=3. 6 V OK7jft«?5£= 2 OmA) 

(D) 3?7jfHl«ffi= 2 0 VJSJLh G£;£lfil«^ = 1 0 a A) 

[0 0 4 1 ] 

2 ) 

#*8Mn?tt, SHfc'J >-fb#i) ^ji/^n (dh) 



ffilE# 2001-3009166 



#20; 0 0 — 1 88 Z 14 - 
htcMit^fV ?A (GaN) ^tfiLEDOffiffilSBt'fel). 
[0 0 4 2] 

S^ifefll 1 T*mm LfcCDfcHCS/Ua 1 B P ftfilftflrM 2 #. 

tf-e©_klCG a N o g7 P 0>03 #^^^e>^.&Ta5^^^ KM3 &31MU&. 

_htc, (i) xif (2) mzmir&te&mzmmts-iiTmmmmfcZMf&L 

(1) h'J^M'J 1 ?^. ( (CH 3 ) 3 Ga) /*/9U'<>9&x.=.J\,<4 
•01* (I) (C 5 H 5 In (I) ) /T^^-T (NH 3 ) (H 2 ) fc^A* 
:*£U SEEMOCVDSiCitJ, ¥-i%ff3tej > 'V ! V A (In) 3fif£ifc£$?r 6 % 

(Y=0. 06) Sn^fb^U • W>^>?A (Ga Q n Q 06 N) 

4 11 I nMf&tfm&Z>&WL<Dffl ( phase ) jbMf>&-5#*B«3g;fr 6>& *J, JUP 
1 0 nmt'feofe. 

#fflil©Ga I nNltlt Gal n Nl* e>«/&3 *lfe±ft*B g^Effc 

(2) VVtf-toiSVyJ* ( (CH 3 ) 3 Ga) /7y^—Y (NH3 ) /*fg 
(H 2 ) fcjRW^fc-rsJiEMOCVDiSCJ:*;, S i K-^nJ^a-fb3^U9 

A (GaN) I*6&6±»i'59 KI5 t:jjtfiS*fe. ^MStt 1 , 0 80 

DH|e-&©»*aJ*3t6 2 fit, _hKp»GaN 0>g7 P ()i03 Jp.|i»ST»i'5'5; 
KM Sib, #IB*l©Ga 0t94 In 0J6 NlS:^3tS4i:U S&K, nj£G 

aNMfe_t»?5y KM 5 t LT«J«Ufc. 
[0 0 4 3] 

^ffiffli-^Cfllritbfc^jSMiaro^^XVy^S (A) ttfiTFOfcEUT 



ffiE# 2001-3009166 



#20. 0 0-188 2' 14 • 

V * 

(0 mmmi<z>m&£mmiz. BPi&umws2tGsiN Q y 7 p QQ3 mifg& 
) no c^> tt£& (aits. %*m-&mmz$>z) . 

(n) GaN 0i97 P 0() 3fei (a=4. 5 3 8 A) fr&fcSTSB* 5 v KS 
3tfi*ft©Ga 0>g4 In 0i06 N (a =4. 5 3 8 A) 4 £<Dffl 

T'tt, GaN Q g7 P 0 03 <D&+fe®.*mmzVT. ftfUVyfl (A) (t 0 

(A) Ga 0 g4 I n 0 06 N (a = 4. 5 3 8 A) |£)fcJl4 ££#&©G a Nfr 
?>4S±ai?5>y KM 5 (a = 4. 5 1 OA) t<DmT'lt. Ga og4 In 0 06 N 
(DfettWZmmiZLX. «^$X79fI (A) 14- 0. 6%hfc£,, 

h^mi tmmzB pjb^^s®^«S2 tG aN 0 97 p 0 >os *ji6fiji*»£> 

65Tat?7>yh'I3i:©*Sf$^T9fiao (^) , apt,, &?-&&am& 

i4oTM5. SMirT, G aN Q 97 P 0 03 #^M^e>«STa5 

f59 KM 3 iLGa 0>g4 I n 0 _ 06 N*^*-55l3 , 6M4 £: CD&^CD 5 XV 9 0 

[0 0 4 4] 



TaSf7>? KM3 5:fttp^GaN Oig7 P OiO 3#iBll0ieSSttB P 
2 fc©&^fi^44#«£*lT^£GD7?, »1 0 5 cnT 2 ~$jl 0 6 cm" 2 t4oT 
V>5©#lS«>?,;ft.;/c,, #tC, %3fei4 &&-TG a Qg4 I n Q 06 Nf©Sfi?gm 
, Sy&#ll©#n/2©5X 1 0 5 cm" 2 S^{C<gM^tlTfeU. #IW&#Hc#t 

[0 0 4 5] 

Wff4l&flrt!>MJ|a>±flS?5? KJf5<Z>±tC& (Au) fcfc&ttS&ift 1 3 



JBE^ 2001-3009166 



#2 0, 0 0— 1 88 2' 14 , 
« ■• 

[ i.i o] isfaomm&itmm^T. ni, P i^-$^ii6, itti&m-z 
*it~mmm&fo*:> -»$fcx?v-f ^SKiiyrajMj*?- izftmi, 

[0 0 4 6] 

(A) f§}«£$^=4 3 0 nm 

(B) H&^||?=0. 8 cd (JK^imS^= 2 0mA) 

(C) JK*lBlSffi= 3. 8 V (m.1i&iWfc= 2 0 mA) 

(D) ^^|njm£E= 2 0 VJ«_k (^^|nimSg= 1 0 nA) 

[0 0 4 7] 

(ma 3 ) 

[0 0 4 8] 
[0 0 4 9] 

$fe-r , */ u n i -htc, mmm i cflB«®«**ff t y < 

BP) ^P>&SMitl2 &j£jg£Lfc., ft&tft, <£S^«M2JtlC, M£& (Z 

n) K-^©p»y yitmm (bp) &AMfr&&«l£MiKM8fc8tAl'& 



ffiSESf 2001-30091 66 



#20, 0 0-188 2' 14 , 

ftJJSLT 9 8 OlCT^*$-tirfc„ SSI 8 ffl^ft'J 7tl«» 2 X 1 0 18 

cm~ 3 fcU *fcjfj»li3$0. 3 *l 6> fg?gi$«Ji 

[0 0 5 0] 

•e^bfe^S^«M8(D_h{C*i«bT^-5 0 rif, BP#Mi#?>!5:5S 
ffiS^ftM 8 ilG a Nq.97 p o. 03*** & * * Ttf * 5 V KJI 3 t±— * 0 

Sot, lfiLtIil9 S:Wt5B P4t«SA«»&«! 

[0 0 5 1] 

(A) %J"&ISfi=4 3 0 nm 

(B) ft3Mfft-l. 0 cd (**KH«ii-2 0mA) 

(C) lffl*r&I«ffi=3. 7 V (Jg;£ftJ«i£=2 0 mA) 

(D) i£#ft«ffi= 2 0 VJ&LL (iiMf flMWfc- 10(iA) 



#KE# 2001-3009166 



#2000—188 214 < 



[0 0 5 2] 
[0 0 53] 

HJfcM 3 i: H5Stfc, i/ y n l ©_htc B P ©^SKaXSS^M 2 



V KM3 t L/TU >jffi^it& 5% (X=0. 0 5) ilfliG a N Q g5 P 0 Q5 
JtfC ^3tS4 t LT¥-%3&&'< > V 2*Mf&tt* 1 0% (Y=0. 10) h^r 



5Si h'-^fflniGajg,,! n 0 1Q NM^*$: 



10 N^3fcl4O^-y'J7igIliiSifl8X 1 0 17 cm" o £L, -£©JgJ?ti:&r2 0 nm 
fcLfe. 5&#®4 JtCW:, ^JfeM 3 fcH£< nl&mkiS U tfi* (G a N) Mfr£> 
&&J:g|S?^y KI5S:SifLfe. Zl ODJtS ? ^ y KJf 5 <Z>3f U T^Ste&J 2 

[0 0 5 4] 



-3 



XI 0 17 c m 3 , 



(-f) B P (SiSyilSr® 2 £ B fcCft-f^XT^fS (A) Ji 

(n) B P^IIif I 8 t G a N 0i95 P 0 05 f gMi' 7 «y KM 3 
^■CD^XVy^te, BP$g,flSt^«Ji8£g*f!fcLT0. 4%h&.g> 0 
(A) 

3 i!3i*g(Z)Ga 0 go I n 010 N (a = 4. 5 5 7A) M 4 £.<Dm 

ffl«fa-7-yfg (A) fcfc, G aN 0 Q5 P Q Q5 (D&?-femZ&mKLT. 0 ( 



GaN 0.95 P 0.05* 8S (a = 4. 5 5 7 A) frg>&ST9*?? K 



2 2 



ffi§E# 2001-3009166 



2000—188214 



(-) Ga 0J In 010 N(a=4. 5 5 7 A) g> S f)|)£Ji 4 Htt&(D 
GaN*>?)&5±§^7»;KS5 (a =4. 5 1 0 A) iKDl^CQ&^-S. XV«/f 
Sti. Ga w|) I n 010 N<D*&^|!t5:a3ltCb-t, 1. 0 

*H«Mttt. Tasf^f KI3CG aN 0 95 P 0 >05 JMSfi»i:, M4 0 
Ga 0.90 ! n o.io N *^ it ®^®^^ v,yfS&0 ( *> t&W 



KtfTEM&mtCfcriU:. Ga 0>go I n 0al0 N%%Jf 4CD4EfiffftB*(r2 

x 1 0 5 c m^^glC^TLT^ScDtflgto&tifc,, 
[0 0 5 5] 

4 {Cjj^fcl < . ^M«f^^C0*«® (C A u © n Sbf- ^ y * «S 6 A 1 <D 



pltt--$<sr*m«7feJ*J*LT*teLEDfcLfc. nf, pSt-$7? 

(A) 3gft$?S = 5 12 n m 

(B) ?83fc2fK= 1. 6 cd (IMtS=2 0mA) 

(C) «5ErlSF«ffi=3. 7 V (JB*|^*ii= 2 0 mA) 

(D) a*l^tE= 2 0 V£t± (^^fj|=10^A) 

B P<z>fifijftMM£ B P®iKfiAi(ISAft«IM2: fe: 

[0 0 5 6] 

(mnm 5 ) 



T»*9y KJB£ 



ttt©G a Pa&R_hlc, B P 



2 cstftifll 1 of*i:is«-e*6. 



ffig£4# 2001-3009166 



#2 0,0 0- 1 8 8 2' 1 4 . 

[0 0 5 7] 

(S) &Ss#nbfcnJgy U ? A (GaP) #$gil£*i]JS bfc„ ( 

10 0) tt5nfGaP^Hf2 1±i:!t 7£<Z> (1) 7JM (3) ^{CfB 

(1) 5fc1\ h U3i^ J n/3j<5> ( (c 2 H 5 ) 3 B) /fc*7jy (ph 3 ) /tK 

HI (H 2 ) *m®Hxh.LX. 1£flE (^^ffi) MOCVDSiCi'J, S i K— 
•fnmvyjkWm (BP) ^?,S:5fiiagii2 2SMStt. Be*SStt3 
5 01Ct% PH 3 / (C 2 H 5 ) 3 B(D$k$&j&m (V/ IIIJ£3p) 3 0 0 iCagjt 

(2) ±ia©nJ^B PfiSitM2 2_LIC. b U *=f-)\siS V ( (CHg) 3 
G a) /T>=E^-T (NH 3 ) /^*X"7-f > (PHj) (H 2 ) Sr^A* 
XfcLt, (Si 2 H 6 ) &S i K-fcf^S^ilbfcMOCVD&lCj: y 
WM»«3SM<DU>»iEifca«3% (X=0. 0 3) ©Si K-ynfGaN^ 
97 P 0>03 «gftJf&TSlS?^y KJB2 3 ULTM&Lfe. j£*i&Ktt£l9 1 0"C 
T?, Jl^ttiftl. 0 ti mLL. ^'JTilMlXlO^cm^bfe. 

(3) ^tV^-e. _hfET8IS?9y FJ1 2 3CD_blC, 2 4tLTb'J)lf/b 
A'UfA (CH 3 ) jGa/h'J^fM^^A ( (CHg) gin) /Ty^ — 
T (NH 3 ) /?KiSi (H 2 ) &0fttfX£bT. SJEMOCVD^CiU^ >y 
?A (In) Mf%tttf$l3% (Y=0. 0 3) ©Mg F - 7 v MMitif V - 
>f>5?tfi» (Ga^InyjN) Ji£j£j&b£:„ f&R^Kti 8 8 0 tT. 

fi£oT. p nm&MSHm&OftytUmm.S 2&, _k§3GDn^GaN 0>g7 P 0> 

Q 3 -^TO ft® 

2 4 bT^Stlfcr tlC&So 
[0 0 5 8] 

3M£HrS«2 1 i;b£G a P©fe^S|iali5. 4 5 0AtSl, (IsfiBCD r I 



tt}SE# 2001-3009166 



3^20. 0 0— 188214 



U-VMtt,&®*mfri («0 1 4 8K#1D . 3*iS:SSC3?ffi3 

(n) Tif7»;Fl2 3fflGaN 0 97 P 0>03 (a = 4. 5 3 8 A) £$&ytM 
2 4 0D3i^^G a Q 97! n Q Q3 N (a = 4. 5 2 4 A) fct'tt G aN o g7 P 0 



03 



[0 0 5 9] 

nm^ii £ft.±T5.ftic «iiM®aa®icAifflpst-5yi'«i7s 

A u«)Qlt-5 »y?il6S:ML,^ ^foip&p-V-J ( side - 

up) Sfflf^LEDtLfe. nS, pl^-5 7^tl6, 7 fCjSH#ftfC|&#fl 

(A) ^3t?ffi*=4 0 8 nm 

(B) ftjfeJ(iK-O. 4 c d (JH#lWM6= 2 0 mA) 

(C) BH^rHa«ffi= 3. 7 V (i^|n|i^=2 0mA) 

(D) i£#ft«ffi= 2 0 VK± G£;&fa«S£= 1 0 ft A) 

B P®^ig®«&:frLT#£;ft£^ll&<Dffi*lfcgrt;l> ^fttfU ^A^HS 

. 4%jai*ciiiitfc»*»4:^&sHf8^cDa3t»«3a&*i«bfefc». ±k© 

[0 0 6 0] 

(Jfc*«) 

[0 0 6 1] 

*jt*«"eii, ±£<z>&%0!i »sni«5 fcttufcy, mi o i ^lt^ 

Bit® (0001) (cffi) -*7r-f7 (T;b^-^#Mfi) fc^ffliiLfc,, -9- 



tfiSEflf 2001-3009166 



#2000— 188 2* 14 . 



7 7,>f7®asi o i_htc», fco (i) nm o> 

*«IbtP ng^MDH^r<D$gft$S«jt4 2&&J&L£ (@5#M) . 

(1) S'J^fM'JfA ( (CH 3 ) 3 Ga) /T^^E^T (NH3) 

(H 2 ) £M*4#Xi:LT, SEMOCVDglCiy, T> F-jT&ltitV ?A 
(GaN) fr^&S^i&^jSl 0 2 J&SiSg&4 2 0 "C i; U 

(2) ±£iigifl 1 0 2©_hfC, ^J/^i/ (Si 2 H 6 ) SrSiK-tT>y 
ItLTMOCVDglCttJ, ( wurtzite ) M<D^^<DS i K 

tt$7l 0 5 0X1£ U »^li*93. OAtm. ^^!)7l»j:|!|3 X 1 0 18 cm 



(3) ±BTa5^^y FMl 0 3©±{C, h'J^fM'JfA ( (CH 3 ) 3 G 
a) /M;*^-;i/-f ( (CH 3 ) 3 In) /yy^~y (NH3) 

(H 2 ) S:Kf*:#X£:LT, SEMOCVD^i'J, (In) ftjft 

ifc£i&3% (Y=0. 03) £-?Z>nmmit3fV ?A • -f >S??A*g|i (G a 0 
97 1 n 0 03 N) m*n%mi 0 4 fcbTJ&KSiirfc,, ^M£lt8 8 01C£U 

(4) 7£<^7?, 1 0 4 ®±{C, VfrVmS^t ( wurtzite ) ffflA 
SSfflMg K-yp^GaN^^M^-hSSi'^-y KM 1 0 5 t LT^«$iirfc 

1 0 17 cm" 3 J: Lfc„ 

w©p n^MDHg-^©%3'fcSI5^4 2 tt. _hffiCD n»G a N#SgHJf £T 
• KM 1 0 3 ilbt, nJ^G a 0 n 0 03 NJf£38ft/I 1 0 4hLT, 

lt« P?gG a Njf£±gp^«y KM 1 0 5 LT$tti£ L 
[0 0 6 2] 

(>f) GaN(S?g^ffiSl 02fcGaNTSi'7^KIl 0 3i©W$X7 
(A) «0 (^) £&Z> (fiP%. t&^S£^B§$HC&.5) . 

2 6 ffiE4f 2001-3009166 



#20. 0 0— 188 2'14 



(n) *2FftGaNJ(t|&fi©TSt*9y FS1 0 3tAM0Ga O 9O I n Q< 
1Q N (am<D&3-f£&.: 3. 2 2 2 A) #£>&&ftftjf 1 0 4 £<Z)&^<Z)$ ;* V 
y^tff (A) H:, G aN(D|&^t5:S:S2p{CLT, 1. l%T'*>ofe= 

G a 0>go I n Q 1Q N Um<D^&m: : 3. 2 2 2A) 
10 4 t/xJlG aN(a = 3. 186 A) ^?>^5±g|5^ KM 1 05iffl 
<Sfffi5XY7fS (A) li, G a NGD&^lfc&amtCLT. 1. 1 %T**o 



[0 0 6 3] 



1 0 2fcTa5^5y KM 10 3 £fc 



^fSKUfctUi, G a NTSP£ 9 v KM 10 3 W$SG)iR&ggSl±i& 2 X 1 0 9 c m~ 

& CD GaNT35i'77 KM 1 0 3 03 IC 

fcfc. AMGa 0 90 I n 0 10 N363fc/gl 0 4 T^&G a N±gP* ^ y KM 1 

0 5 fegiiLT, kMV^V KM 1 0 5 0>^ffitcai*LT^.&©{±l$ge>;fr-e&o 

[0 0 6 4] 

pJgG aNJhSB^y KM 1 0 5 JhiC p ^ v ZUM 1 0 6 S^ttfe, 



ifHO^XV^^^^CiUSMSftfen^GaNTSS^y KM 1 
0 3©*ffi_h(Cn^-^ y 1 0 7 fc^BLT, «1«)LED5:«^L 

[0 0 6 5] 
(A) Mfi=4 18 nm 



ff}E# 2001-3009166 



#20. 0 0— 1 88 2' 14 - 
* • 

(B.) 0. 2 c d (ffi^til=2 0mA) 

(C) H#ft«ffi=4. 0 V (I*l«lil= 2 0 mA) 

(D) i£#|fiimE£= 1 5 VJ&Lh G£:£|hJ«$&= 1 0 a A) 

-&#^cd»^<diii^«^^^^2 o titm-tzt. ftymms- 1 / 

g&*5y KJf 1 0 5ft©*a«&^jiLTV^^lc*j-j£LT, ^H^jti?-r 

Sfc^SO^^IS^Olg^X^^ h ( spot ) tf^&U 5B3fcMl?£>51B£3a 

io4wt*^f>i?>?i, (in) ^Kfi?gaf©^ic^-r-&3ticj:y^-r 

[0 0 6 6] 
[HHS©^*] 

^S$r#ofc^ttlCgtifefi-ftU>-ffc^fU>>A (GaN^jP^) fctfiMfc 
[0 0 6 7] 

[0 0 6 8] 
[0 0 6 9] 

3ttM© III»flfl:i»ip*flt»3ft*-?-3B«»&ft*. 



flt}SE# 2001-3009166 



^2 0 ,0 0— 1 88 2'14 * 
.* • 

[0 0 7 0] 
[0 0 7 1] 

[0 0 7 2] 

«fi*»*0W<6v*itfittK:«Mifc»fby xbjif u */JMtfiJifc?u«bT«3fc 

[0 0 7 3] 

BP«mj9&y>'fbiiiR (bp) *»e>*j*b. b Pisi^^it 
ja*a-e«afl:y >«35fy 9AJMSSJi©y > <p) aai*ifc«:i%#±5%jgrF 
fc^-fttr, fi#ft«*fflaE-&tt% : fcofeii*ttK:«*vfefi'fby >ft3ff y sajms 

3 1 # «f « i: S „ 

[@®©tS#«:Sira] 
[Hi 3 

[B92] 

[S3] 

2 k:|b*W> iii*fifl:*^#f*t»** : 3 £: ©W1ir«5SCBnf*6. 



ffiffl£# 2001-3009 166 



#2 0.0 0-1 8 82:1 4 



, [04] 
[H5] 

«©AlGa I nNS^^'v^-n^SitSr^-rslg^^KT®' 
[ff-SfCDffttJI] 

1 , 21 mmmmm 

2, 2 2 (BM^»« 

3,2 3 TBV'yy KJf 

4. 2 4 mytm 

5 ±mtf^v k» 

6 n^^"— 5. y 

7 y ?1 
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